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(54) FEEDER OF OZONE-CONTAINING ULTRAPURE WATER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce an ozone- 
containing ultrapure water less in impurities and to 
maintain the dissolved ozone concentration constant 
even during a long distance transportation by bringing 
ozone-containing gas into contact with an ultrapure 
water to purify it, then feeding it to a suction part of an 
ejector that the ultrapure water is fed by pressure. 
SOLUTION: The ozone-containing gas produced with an 
ozone generator 1 is brought into contact with the 
ultrapure water in a gas washing device 2, then the 
impurities in the gas are removed and purified, and then 
the gas is passed through a gas introduction tube 3 to 
be fed to the suction part of the ejector 4. The ultrapure 
water produced with an ultrapure water production 
device 5 is forcedly fed to one end of the ejector 4 with 
a pump 6. The ozone- containing gas is mixed with the 
ultrapure water by the ejector 4, and while ozone- 
containing ultrapure water is produced, the water is 
transported to a use point through a transfer tube 7 as a 
gas-liquid mixed fluid. Thus, since the ozone-containing ultrapure water being clean and 
pressurized to be higher than the atmospheric pressure can be easily produced, it can be 
economically transported from one production device to many use points. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the gas supply the defecated ozone content gas which is discharged from the 
ultrapure-water pressurization feeder which connects with the end of the scrubber which ozone 
content gas is contacted to ultrapure water, and defecates it, ejector mechanism, and ejector 
mechanism, and presses ultrapure water fit, and a scrubber to the ejector mechanism suction 
section — the feeder of the ozone content ultrapure water characterized by to have a conduit 
and migration tubing which transport the ozone content ultrapure water pressurized highly than 
the atmospheric pressure which connects with the other end of ejector mechanism and be 
discharged from ejector mechanism. 



[Translation done.] 



7 



* NOTICES * 



JPO and NCIP1 are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the feeder of ozone content ultrapure water. In 
more detail, this invention can manufacture very little ozone content ultrapure water of an 
impurity, and long-distance migration can be carried out, and, moreover, it relates to the feeder 
of the ozone content ultrapure water which can maintain a dissolved ozone level almost 
uniformly during migration. 
[0002] 

[Description of the Prior Art] In production processes, such as a semi-conductor and liquid 
crystal, conventionally, it washed using the thick drug solution containing a sulfuric acid, a 
hydrochloric acid, ammonia, a hydrogen peroxide, etc., the rinse was carried out with ultrapure 
water, and surface cleanliness has been secured. On the other hand, the cleaning method by 
functional wash water began to be developed and applied in recent years. Functional wash water 
dissolves gas, such as water made to dissolve only gas, such as ozone and hydrogen gas, in the 
ultrapure water which removed the impurity to the limit, or ozone, hydrogen gas, adds a further 
very low-concentration chemical, and is wash water of a request. Although such functional wash 
water has the very low concentration of the matter which is dissolving, the outstanding 
detergency is demonstrated and, moreover, attention is attracted also from the load to an 
environment being light. The ultrapure water containing ozone is mentioned as one of the 
functional wash water. Ozone content ultrapure water is excellent in the effectiveness of 
removing specific impurities, such as an organic substance metallurgy group, from substrate 
front faces, such as a semi-conductor and liquid crystal, and application to washing on the front 
face of a substrate where still higher cleanliness is called for is expanded. Moreover, if the 
pressurized ozone content ultrapure water can be manufactured, two or more points of use of 
plants, such as a semi-conductor and liquid crystal, can be transported and supplied from a 
manufacturing installation, and the central system supplied to the whole works from one 
manufacturing installation like ultrapure water can be adopted. There are an approach of 
manufacturing the gas which contains ozone by silent discharge by using oxygen gas as a raw 
material as an approach of manufacturing ozone, and a method of manufacturing the gas which 
electrolyzes water and contains ozone. The approach in which blow ozone content gas into 
ultrapure water as an approach of on the other hand dissolving ozone in ultrapure water, and it 
makes dissolve, the approach in which inhale ozone content gas and it makes dissolve with the 
wa ter ejector which makes ultrapure water motive power, the approach in which pour ozone 
content gas into piping for which ultrapure water flows, pass mixed equipments, such as a line 
mixer, and it makes dissolve, the approach of blowing ozone content gas into the inlet side of a 
gas dissolution booster pump, and dissolving in it, etc. are. However, pure ozone content 
ultrapure water cannot be economically manufactured only by combining the manufacturing 
method and solution process of these ozone simply. For example, since various kinds of 
impurities generated at the time of discharge are included, the ozone content gas manufactured 
by silent discharge will serve as ozone content water containing an impurity, if it dissolves in 
ultrapure water. Moreover, when applying the gas by the electrolytic process said to manufacture 



pure ozone content gas, since a mass generator is not made, cost becomes high and there is a 
problem economically, on the other hand — a gas dissolution booster pump — the inlet side of a 
pump — gas — although a conduit is connected, and gas is made detailed and it is made to 
dissolve within a pump, according to this method, cavitation occurs for the existence of gas, and 
there is a problem of a pump component being eluted and producing contamination. Moreover, 
since the pressure of the ozone content gas usually manufactured is seldom heightened, \t 
cannot manufacture the ozone content ultrapure water pressurized depending on the 
entrainment method. 
[0003] 

[Problem(s) to be Solved by the Invention] this invention can manufacture very little ozone 
content ultrapure water of an impurity, and long-distance migration can be carried out, and it is 
made for the purpose of moreover offering the feeder of the ozone content ultrapure water 
which can maintain a dissolved ozone level to about 1 law during migration. 
[0004] 

[Means for Solving the Problem] As a result of repeating research wholeheartedly that the 
above-mentioned technical problem should be solved, after this invention persons contacted 
ozone content gas to ultrapure water, washed it and defecated it, by supplying the suction 
section of the ejector mechanism with which ultrapure water is pressed fit, they manufacture 
very little ozone content ultrapure water of an impurity, find out that it becomes possible to 
supply by the high pressure, and came to complete this invention based on this knowledge. 
Namely, the scrubber with which this invention contacts (1) ozone content gas to ultrapure 
water, and defecates it, The ultrapure water pressurization feeder which connects with the end 
of ejector mechanism and ejector mechanism, and presses ultrapure water fit, the gas which 
supplies the defecated ozone content gas which is discharged from a scrubber to the ejector 
mechanism suction section — a conduit — The feeder of the ozone content ultrapure water 
characterized by having migration tubing which transports the ozone content ultrapure water 
pressurized more highly than the atmospheric pressure which connects with the other end of 
ejector mechanism and is discharged from ejector mechanism is offered. Furthermore, the feeder 
of the ozone content ultrapure water given in ** (1) term given (2) scrubbers are cellular type 
vapor-liquid contactor, and the pressure of the ozone content ultrapure water discharged from 
(3) ejector mechanisms can mention the feeder of the ozone content ultrapure water given in ** 
(1) term which is 2kg/cm2 or more as a desirable mode of this invention. 
[0005] 

[Embodiment of the Invention] the gas which supplies the defecated ozone content gas which is 
discharged from the ultrapure-water pressurization feeder which connects the feeder of the 
ozone content ultrapure water of this invention with the end of the scrubber which ozone 
content gas is contacted to ultrapure water, and defecates it, ejector mechanism, and ejector 
mechanism, and presses ultrapure water fit, and a scrubber to the ejector mechanism suction 
section — it has a conduit and migration tubing which transport the ozone content ultrapure 
water pressurized highly than the atmospheric pressure which connects with the other end of 
ejector mechanism and be discharged from ejector mechanism. Draw ing 1 is the schematic 
diagram of one mode of this invention equipment, removing the impurity which the ozone content 
gas manufactured in the ozone generator 1 is contacted to ultrapure water in a scrubber 2, and 
is contained in gas — defecating — gas — the suction section of ejector mechanism 4 is 
supplied through a conduit 3. On the other hand, the ultrapure water manufactured in ultrapure 
water equipments 5 is pressed fit in the end of ejector mechanism with a pump 6. They are 
transported to the point of use with the migration tubing 7 as a vapor-liquid interflow object, 
being mixed in ejector mechanism and ozone content gas and ultrapure water generating ozone 
content ultrapure water. There is especially no limit in the ozone generator used for this 
invention equipment, for example, the ozonator by silent discharge, such as an ozonizer of 
Siemens and an ozonator of Brodie, the equipment which electrolyzes a sulfuric-acid water 
solution using a platinum electrode or a lead peroxide electrode can be mentioned. By performing 
silent discharge in oxygen gas, the ozone content gas which consists of the mixture of gas of 10 
- 20 % of the weight of ozone and 80 - 90 % of the weight of oxygen gas can be obtained. 



However, a part for a metal is contained in the ozone content gas generated by consumption of 
equipments, such as an electrode, etc. in the case of silent discharge as an impurity in many 
cases. 

[0006] In this invention equipment, the packed column which flows down ultrapure water to the 
shape of a fog and the drop type vapor-liquid contactor showered on liquid drop-like, make flow 
down ultrapure water in the shape of a thin film on the surface of packing, and contacts in ozone 
content gas can mention into the cellular formula vapor-liquid contactor which there is 
[ contactor ] especially no limit in the scrubber which ozone content gas is contacted to 
ultrapure water, and defecates it, for example, contacts ozone content gas to ultrapure water as 
many small air bubbles, and ozone content gas. In these, cellular formula vapor-liquid contactor 
can remove not only the water-soluble impurity in ozone content gas but a particle-like impurity, 
and since equipment is easy and there are also few power requirements, it can be used 
especially suitably. Drawing 2 is the explanatory view of one mode of cellular type vapor-liquid 
contactor. Ozone content gas is led to the perforated plate 10 formed in the pars basilaris ossis 
occipitalis of the gas washer 9 of a direct vent system through piping 8, serves as many small air 
bubbles, and is emitted into ultrapure water. They surface the inside of ultrapure water, small air 
bubbles shifting and defecating the impurity to contain in ultrapure water, and vapor liquid 
separation is carried out in the ultrapure water container upper part, the defecated ozone 
content gas — gas — the ejector mechanism suction section is supplied via a conduit 3. It is 
desirable to establish the ultrapure water inlet port 1 1 and the water outlet 12 after ozone 
content gas defecation in an ultrapure water container, and to update the ultrapure water in a 
container continuously or intermittently in it. If it considers as cellular type vapor-liquid 
contactor, plate columns, such as a bubble tower and a perforated plate tower, etc. can be 
mentioned. In the first stage which began contact of ozone content gas and ultrapure water, 
ozone dissolves in ultrapure water and is lost. However, ultrapure water is saturated for a short 
time for ozone, and ozone content gas is defecated after it, without losing ozone substantially. 
The solubility to the water of the impurity contained in ozone content gas can dissolve and 
remove still a lot of impurities, also after the ultrapure water contacted is saturated with ozone, 
since it is usually farther [ than the solubility to the water of ozone ] large. The ultrapure water 
contacted in ozone content gas can put a constant rate into a scrubber, after it contacts the 
ozone content gas and the batch process of a constant rate, it can update the whole quantity, or 
it can exchange the ultrapure water in a scrubber small quantity every continuously, and can also 
make fixed water quality always hold. 

[0007] The converging section with which the ultrapure water with which the ejector mechanism 
used for this invention equipment was pressed fit brings the rate of flow forward, It is what has 
the reduced pressure section and the passage limb of the downstream of a converging section 
by which it is prepared in the perimeter of a converging section and ozone content gas is 
attracted. When ozone content gas is inhaled and ultrapure water and the vapor-liquid interflow 
object of ozone content gas subsequently pass along a diverging pipe with the reduced pressure 
which blows off at the core of a Venturi nozzle and produces high-pressure ultrapure water 
around it, a pressure is increased and discharged with reduction in the rate of flow. In ejector 
mechanism, while ozone content gas dissolves in ultrapure water and begins to generate ozone 
content ultrapure water, it is discharged by migration tubing which transports ozone content 
ultrapure water as a vapor-liquid interflow object, the pressure of the ozone content ultrapure 
water discharged at the outlet of ejector mechanism in this invention equipment — a pressure 
higher than atmospheric pressure — it may be 2kg/cm2 or more preferably. By making higher 
than atmospheric pressure the pressure of the ozone content ultrapure water discharged at the 
outlet of ejector mechanism, long-distance migration of ozone content ultrapure water is 
attained, and ozone content ultrapure water is manufactured by one in works, and it becomes 
employable [ the central system which transports ozone content ultrapure water to two or more 
points of use ]. In this invention equipment, there is especially no limit in the ultrapure water 
pressurization feeder which presses ultrapure water fit in ejector mechanism, for example, a 
centrifugal pump, a turbine pump, a magnet pump, a canned pump, etc. can be mentioned. An 
ultrapure water pressurization feeder may be a pump which may form a pump just before ejector 



mechanism and is built into ultrapure water equipments that what is necessary is just to be in 
the location of the arbitration of the upstream of ejector mechanism. Since the pump is formed 
in the subsystem of ultrapure water equipments in order to send water into a water treating unit, 
the produced ultrapure water is discharged in the state of pressurization. When supplying this 
ultrapure water discharged to ejector mechanism, with a pressurization condition maintained, the 
pump of a subsystem will be used as an ultrapure water pressurization feeder. In this invention 
equipment, since an ultrapure water pressurization feeder is prepared in the upstream of the 
ejector mechanism which supplies ozone content gas, there is no possibility that the 
contamination which cavitation does not arise in a pump and originates in cavitation may occur 
unlike a gas dissolution booster pump, the gas which supplies the defecated ozone content gas 
which is discharged from a scrubber to the ejector mechanism suction section in this invention 
equipment — a conduit is formed. In the ejector mechanism suction section, since ultrapure 
water blows off at the core of a Venturi nozzle and the circumference is decompressed, it is 
drawn in even if it is ozone content gas with a gage pressure of 1kg/cm2 or less, and can mix 
with ultrapure water. 

[0008] In this invention equipment, migration tubing which transports the ozone content 
ultrapure water pressurized more highly than the atmospheric pressure discharged from ejector 
mechanism is formed. Since the inside of migration tubing is transported to ozone content 
ultrapure water as a vapor-liquid interflow object with ozone content gas, even if it is the case 
that the distance to transport is long, it can set almost constant the ozone level of the ozone 
content ultrapure water used in the point of use. Drawing 3 is the device explanatory view of the 
feeder of the ozone content ultrapure water of this invention. In drawing 3 , an axis of abscissa 
expresses the die length of migration tubing, and an axis of ordinate expresses a dissolved ozone 
level. If ozone content gas is supplied to ultrapure water in ejector mechanism A, ozone will 
dissolve in ultrapure water and a dissolved ozone level will go up quickly. However, if the 
concentration of the ozone which dissolved in ultrapure water becomes high, disappearance of 
the ozone by the underwater autolysis will increase. On the other hand, rather than the ozone 
which dissolved the ozone which exists in the state of gas in water, since it is stability, the 
ozone which exists in the non-solution gas accompanied to a stream melts underwater. 
Consequently, in a B point, the amount of the ozone which disappears according to an autolysis 
underwater, and the amount of the ozone which melts underwater from the non-solution gas to 
accompany are balanced, and the dissolved ozone level in ozone content ultrapure water is 
maintained at an almost fixed value. In this invention equipment, since it transports as ozone 
content ultrapure water and a vapor-liquid interflow object of ozone content gas, even if it is 
long-distance migration, it is stabilized and the ozone content ultrapure water of predetermined 
concentration can be supplied to the point of use. The amount of the ozone in the non-solution 
gas which will be accompanied if ozone content ultrapure water flows to a lower stream of a 
river to the pan of migration tubing decreases, it becomes difficult in C point for the amount of 
the ozone which disappears according to an autolysis underwater, and the amount of the ozone 
which melts underwater from the non-solution gas to accompany to maintain balance, and a 
dissolved ozone level begins to fall. Therefore, as for the branch line of the ozone content 
ultrapure water to the point of use, preparing between a B point and C point is desirable. 
[0009] As for the member which touches ozone content gas or ozone content ultrapure water, in 
the feeder of the ozone content ultrapure water of this invention, it is desirable to consist of 
ingredients which have ozone resistance without the elution of an impurity. Fluororesins, such as 
the passive metal and quartz which oxidized the front face and formed the oxide film as an 
ingredient which has such ozone resistance, for example, and a polytetrafluoroethylene and 
tetrafluoroethylene-perfluoroalkyl vinyl ether copolymer, a tetrafluoroethylene- 
hexafluoropropylene copolymer, an ethylene-tetrafluoroethylene copolymer, 

polychlorotrifluoroethylene resin, polyvinylidene fluoride, etc. can be mentioned. According to the 
feeder of the ozone content ultrapure water of this invention, it is pure, and since the ozone 
content ultrapure water moreover pressurized more highly than atmospheric pressure can be 
manufactured easily, at a semi-conductor, liquid crystal works, etc., the ozone content ultrapure 
water of fixed concentration can be supplied to much points of use via migration tubing, and the 



economically excellent ozone content ultrapure water distribution system can be built from one 

ozone content ultrapure water equipments. 

[0010] 

[Example] Although an example is given to below and this invention is further explained to it at a 
detail, this invention is not limited at all by these examples. 

example 1 ozonator, a gas washer, and ozone content gas — ozone content ultrapure water was 
manufactured and supplied using the feeder of the ozone content ultrapure water shown in 
drawing 1 which has a conduit, ultrapure water equipments, a centrifugal pump, the ejector 
mechanism for the ozone dissolution, and ozone content ultrapure water migration tubing with a 
die length of 10m. 224 Ns a I. [/h ] (320 g/h) high grade oxygen gas and 1 N I. [/h ] (1.25 g/h) 
high grade nitrogen gas were supplied to the ozonator [Sumitomo Precision Products Co., Ltd. 
and silent discharge type ozone generator SG-01CHU], and it was made to generate mixed gas 
of 10.0 % of the weight (32 g/h) of ozone, 89.6 % of the weight (288g/(h)) of oxygen gas, and 0.4 % 
of the weight of nitrogen gas (1.25 g/h). This ozone content gas was led to the gas washer into 
which 11. of ultrapure water was put, and was washed and defecated by carrying out bubbling. 
1m3/[ of ultrapure water ] h deaerated beforehand was pressed fit in the ejector mechanism for 
the ozone dissolution by the pressure of 3.3kg/cm2 using the centrifugal pump, the ozone 
content gas by which the above was defecated was supplied to the ejector mechanism suction 
section, and ozone content ultrapure water was manufactured. The pressure of the vapor-liquid 
interflow object in an ejector mechanism outlet was 2.5kg/cm2. The ozone level of the ozone 
content ultrapure water extracted in the end of migration tubing with a die length of 10m was 
10mg/L, and iron concentration was O.Smicro less thang/l. 

example of comparison 1 ozonator, and ozone content gas — ozone content ultrapure water was 
manufactured and supplied using the feeder of the ozone content ultrapure water which has a 
conduit, ultrapure water equipments, a centrifugal pump, ozone content insufflation opening, a 
line mixer with a die length of 500mm, and ozone content ultrapure water migration tubing with a 
die length of 10m. Ozone content gas was generated like the example 1 using the ozonator. It let 
flow 1 m3/[ of ultrapure water ] h deaerated beforehand using the centrifugal pump. When water 
pressure was raised, it was not able to become impossible to pour in ozone content gas and the 
pressure of the vapor-liquid interflow object measured at the edge of the downstream of a line 
mixer was not able to be raised to the inlet established in the edge of the upstream of a line 
mixer more than 0.2kg/cm2. The ozone level of the ozone content ultrapure water extracted in 
the end of migration tubing with a die length of 10m was 3mg/L, and iron concentration was 
0.9microg/L 

example of comparison 2 ozonator, and ozone content gas — ozone content ultrapure water was 
manufactured and supplied using the feeder of the ozone content ultrapure water which has a 
conduit, ultrapure water equipments, a gas dissolution booster pump, and ozone content 
ultrapure water migration tubing with a die length of 10m. Ozone content gas was generated like 
the example 1 using the ozonator. In 1m3/[ of ultrapure water] h deaerated beforehand, water 
was supplied using the gas dissolution booster pump, and ozone content gas was supplied to the 
gas dissolution booster pump. The pressure of the vapor-liquid interflow object in a gas 
dissolution booster-pump delivery was 2.0kg/cm2. The ozone level of the ozone content 
ultrapure water extracted in the end of migration tubing with a die length of 10m was 8mg/l., and 
iron concentration was 1.4microg/l. The result of an example 1 and the examples 1-2 of a 
comparison is shown in the 1st table. 
[0011] 
[Table 1] 
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[0012] Iron concentration is 0.5micro less thang/l. of limit of detection, the ozone content 
ultrapure water of the example 1 supplied using this invention equipment is lower than the 

0. 9microg [/I. ] iron concentration of the ozone content ultrapure water of the example 1 of a 
comparison using a line mixer, and the effectiveness which ozone content gas was contacted to 
ultrapure water, and defecated it has shown up as a difference of iron concentration so that it 
may see in the 1st table. On the other hand, the iron concentration of the ozone content 
ultrapure water of the example 2 of a comparison using a gas dissolution booster pump is high in 

1. and 1.4microg /, and it is imagined that contamination has arisen in a gas dissolution booster 
pump. If the pressure of the vapor-liquid interflow object of the ozone dissolution section outlet 
of each equipment is measured, the example 1 using this invention equipment is as the highest 
as 2.5kg/cm2, and can adopt the central system which manufactures ozone content ultrapure 
water intensively by one manufacturing installation, and is supplied to the point of use of the 
whole works. Although the central system from the point of a pressure is possible also in the 
example 2 of a comparison using a gas dissolution booster pump, in the example 1 of a 
comparison using a line mixer, a pressure is low and long-distance migration of ozone content 
ultrapure water is difficult. The ozone level of the ozone content ultrapure water in the end of 
migration tubing with a die length of 10m has the highest example 1 that used this invention 
equipment, and it turns out that ozone is effectively dissolved by this invention equipment. 
[0013] 

[Effect of the Invention] According to the feeder of the ozone content ultrapure water of this 
invention, it is pure, and since the ozone content ultrapure water moreover pressurized more 
highly than atmospheric pressure can be manufactured easily, at a semi-conductor, liquid crystal 
works, etc., ozone content ultrapure water can be transported to much points of use via 
migration tubing, and the economically excellent ozone content ultrapure water distribution 
system can be built from one ozone content ultrapure water equipments. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the schematic diagram of one mode of this -invention equipment. 
[Drawing 2] Drawing 2 is the explanatory view of one mode of cellular type vapor-liquid 
contactor. 

[Drawing 3] Drawing 3 is the device explanatory view of the feeder of the ozone content 
ultrapure water of this invention. 
[Description of Notations] 

1 Ozone Generator 

2 Scrubber 

3 Gas — Conduit 

4 Ejector Mechanism 

5 Ultrapure Water Equipments 

6 Pump 

7 Migration Tubing 

8 Piping 

9 Gas Washer 

1 0 Perforated Plate 

1 1 Ultrapure Water Inlet Port 

12 Water Outlet 
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DRAWINGS 



[Drawing 1] 
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SB. (3) xs^x^#— ^&*ffl«tiS*:/> 

«*iffltfekojgE*^. 2k g /cm 2 «±T$>^m(i)xife 

[0 0 0 5] 

^TtfA^^B. x^i**-, xi/x^^-O— fifSK 
^gL@^7j<^JEA-r^SM7i<ijDJE«^B. *^JJfe» 



(3) 
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£><DT*££> 0 RIB, *|g0S»«©-ll«©^iaTfe 
X*. fX)S£Ml2 Kfc^T,®^7j<t8M£H±T#X 
X*W 3 £51 Utx-z-x 4- £ - 4 <£>B53 ISPJC &° 
#>^6tJ;t), x^x*#-<D— ^fcffiA-r^o 

y^tfx^jgiifek^ x-> x^ ^-rttfcv^ti^? 

tf, Siemens CD^" s />g, B r o d i e O^/^ 

fro CtlZ&O^ 0-2 0Wm.%tMmUX8 20 

0-9 0«M%<O?l^*^e.%S^-yyg-*73'X^f 

[0006] ^mmmicts^r. * s /ysmx**m 

*v^^i37.mmmL<D7kmn\ 2*m^ mmmx 
im^mcm^(omm7k^m^-r^ cttf&z 

y^j3^hmw7k<Dm®.*te\z&Tz®m^is^T\,$, 
*v>tfmm7k\z.mffi^-z%:t>t\z><, l^u mwkit 



vis^fi7.\z^HttWfa<D7k^(ommmz, 
i$*v><»7k^mm&&*)te%frtt^<DT\ mm 
sns mmyktf* v > tissi l & © & , a 

£gte£-eSi®$<E7j<fs, -SI$75x«E^ftAn, 
V v&^f *"X t ®i&j£lci&MLrz<D*>£m* 

7j<£3»ttfHC'J>fi-fo£glLT, 1g\c-l£<D7km*Un 

[0 0 0 7] *fgBJ3«BlCjS^3X:y*x7£-«\ ffiA 
$nfc@M7K*^ii^^46?.^!7g|3. Sg^gPOiSBKIS 

tt^n^yy^w^xa^i^nsiJaiiiEgp, &!3gp©T 

* fc* yy#**'X©^$^lB-^tttf ffitf !? ^^rilS C 
jgfi? LT* y>-&W®M7j<^^fig U± C#>3 t i: & fc, 

fiig«t LT*vy^n&7k*w&-tz>WMm 
x i? x <^ ^ - <d & a ic 33 v ■> t % f m s n s ^ V >- ;&ssm 

7j<©ff±i^MBE<tt)ft<-r«ili:t < tf3, ^-y^-g-W 
>-g-#^7k^jM-r S -tr > h ^ yl/^OSffl *^ rIh! i: 

*fgHJ^fi{c43V^, X^x?2-lC®|367.)<%JE 

X-r^®M7j<AD)I«^B^!tttc$iJPig(ia < , ffllitf . 
gftt x$7x ^ ^— ©±i5Stfi)c»ttS©{iBt fcntf «}: 

m7kmmmmicm&&%nT^z#zs-7?3o-3Ti>£ 
</\, ^TK^jt^Bo-y-yv-xxAictt, Tkias^atc 

e^7k%ipj£«^%*i^Lfcs $xi>i ?*-Km&t 

*J-y->XxAO^>y*^SE7j<llPflE««&S« 

* '/vtt^sflawsifi * $-<D±mcffi&7k 

§ IS5£#tt6-r 5 7?XSS«:g5lJ- S„ xi?x ^ ^ -®§ ISP 
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WS*U *<OJHffltf«Efcft5©'?* ?—VE.\ kg/cm 
[0 0 0 8] *»BH««U:*v^Ttt, x$?i**— fr5 

gp m s n * *mee * d * < 4pe s nfc *y y^mmk 

SOT?, »aS-r*ffiKA^ftV^«^T?fcoTt>. 

— *xttttT?#arr 

[0 0 0 9] a^^©*v^>«WB^o«Bfi««fe:* 

-^7;^o/uei/>M^ xT-UV— r h 
77Mnxfl/>«l^ #y*DDhU7;Wn 

ft *■ y £ JKl-r & c *< T * 5 O 



[0 0 10] 

«r^iJfe#». IBM 

1 CHU] 

fc. iBSfiSKS^X 2 2 4 N U 7 h;b/h (3 2 0g/ 
h) fcffiSBtfQWjff^ 1 NUyh^/h (1.25g/ 
h) *ft«lT, 0 .011% (3 2 g/ 

h) , «^8 9 .611% (2 8 8 g/h) Rtf» 
MX0.4ii% (1 .2 5 g/h) ©«*3J7*«S 

20 -$&rc 0 co*yv$s^^ SMTk i y * h;^A 

£\ »*#>y*fflV^T. ^V^^Pfflxv^*-^ 
.3kg/cm 2 TEEAU ±13©5f}#fb$nfc*W 

#<D&t)te, 2 .5kg/cm 2 Tfeofc 0 fi£ 1 0mO8S 

ftli 1 Omg/y h;l^S9> «O»K«0 .5/ig/ 
30 y *y h;WFT*orco 
it<Sffll l 

ty^tf^XiiAP^ fi£ 5 0 OmmO^ 
*SjB**7.k*SjSU «*&Lfco ft 

■p*3ebfc«*«*i«*OBE*«, 0.2kg/ciD 2 ^^ 

(Hcfi^T8»Lft*y j@«7j< WiBS t± 3 
mg/y h;l/TfctK i«^0.9/ig/U7h;l/ 

tb^J2 
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8 



**iffl«7kO*V , >'»«tt8ing/U * 

zg^te l.4/i g/U >y h;l/Tfeofc 0 USEWI l &tfJ± 

[0 0 1 1 ] 

m i ] 







(kg/cm 2 ) 




ill g/'J >y 


55*601 1 




2. 5 


10 


<0. 5 


10*01 i 




0. 2 


3 


0. 9 


it&#J2 




2. 0 


8 


1. 4 



[0 0 12] Siamm6nsJ;5fc, *«W«E«*ffl 
Igffi^J 1 # 2 . 5 kg/cm 2 4: fi £> m < > * >"§*f ffiSE* 

■*«v>ftjBwii««*ti<, 

[0 0 l 33' 



[01] HIS, tt«03R«EHT**o 
CH2] 8 2(i, «?SS»JB»ttS»0^-«l«^«raH 

so 2 jb'x.iftif^fi 
3 tfxalPg 

5 mbkm&mm 

6 

8 saw 

9 

1 0 £?Lffi 

1 1 MlfokAn 

40 i 2 TktHn 
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